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Stage/Discharge Relationship
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What is needed for an Stage/Discharge site?

" Site Selection!!!!
" Site is relatively parallel and uniform

" Near the region of max velocity free from any boundary
effects

® Stream is straight for 300ft or 5-10 channel widths

" | ocated 5-10 channel widths US or DS of any tributary
" Total flow is confined to 1 channel

" Streambed is not subject to scour and fill

" Able to measure discharge at all stages

" Easily accessible for installation and O&M

" Free from air entrainment
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Data Collection

" Compute
discharge from
stage and
cross-section
area
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Stage-discharge relations are often referred to as
“Ratings”.
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Discharge measurements must be made

throughout the entire range of stage to accurately
define a rating.
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A computer interpolates the stage discharge
values between the defined points on the rating.
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Data Processing

Discharge measurements are used to develop rating curves
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Data Processing

Discharge must be measured at all stages
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Data Processing

® Ratings are never that simple!
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Here is how to read a “rating table”.

STATION NUMBER
Rating for Discharge (DCP) (cfs)
RATING ID: 41.0 TYPE: stage-discharge EXPANSION: logarithmic
OFFSET: 0.00
EXPANDED RATING TABLE

Gage DIFF IN Q
height, Discharge (cfs) PER
feet .00 .01 .02 .03 . .. . .1 UNITS
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Here is how to read a “rating table”.

STATION NUMBER
Rating for Discharge (DCP) (cfs)
RATING ID: 41.0 TYPE: stage-discharge EXPANSION: logarithmic

OFFSET: 0.00
EXPANDED RATING TABLE

Gage DIFF IN Q
height, Discharge (cfs) PER
feet .00 .01 @ .03 . e .1 UNITS




Here is how to read a “rating table”.

STATION NUMBER
Rating for Discharge (DCP) (cfs)
RATING ID: 41.0 TYPE: stage-discharge EXPANSION: logarithmic

OFFSET: 0.00
EXPANDED RATING TABLE

Gage DIFF IN Q
height, Discharge (cfs) PER
feet .00 .01 .03 . .. . .1 UNITS
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Section Control

® Rock Riffle

= Welr

B Beaver Dam




Section Control

Identified by a break in the water surface
downstream from the gage.

Rock Riffle Control

Water Surface |
h
Flow Direction : .‘
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Channel Control

Contained within
the normal banks of
the channel

0r/28/2012 11:14



Overbank Control

Flow into the floodplain




Data Processing

The shape of a rating is controlled by the channel and it’s
features.
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Data Processing SHIFTs

Since gage control conditions change, the stage-
discharge relations must be adjusted.
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Determination of shift from discharge

maaciliramaent

Form $-175G U.S. DEPARTMENT OF THE INTERIOR
(Sep. 2000) U.S, Geological Survey Meas. No.
WATER RESOURCES DIVISION
DISCHARGE MEASUREMENT AND ~ Comp.by

e Compute percent difference from

- rating:
No.secs. GH»@Q—E"M& brs. g Qmeasured o Qrating
Horiz. angle coef. Susp. Tags checked X 100%

Meter Type Maeter No. Meter . above bottomofwt. Q
rating

in testbefore meas. afler
Megs.plots ______ %diff. fromrating no. | i shift !

GAGE READINGS Samples collected: water quality,

- it e Compute shift:

L_ Measurements documented on
Sen separate sheets: water quality,

aux/basegage.other Example

Rain gage serviced/calibrated Qmeasured — 75 ft3/S G H

Weather:
Finksh Air Temo. *Cat

eter Torp. ____*Cat Gage height (GHg)= 0.89 ft

‘Weightad MGH Check bar/chain found

Comaier Shangeato — o Gage height from rating (GHgggng) = 0.95 ft
Computed shift = +0.06 ft

Rating

ft., mi. upstr., downstr. of:

EXPANDED RATING TABLE

I . (STANDARD PRECISION)
Gage oparating: .00 .0 .03 . .05 06
Battery voitage: T 0o 009 5 51s
gage pf , psi: Tank
Extreme-GH indicators: max
CSG chacked. HWMheight on stick

Control:

Remarks:

GHofzero flow=GH -depth at control = &, rated
ShestNG. ot S|




Interpretation of a positive computed

The gage height (GH,) = 0.89 ft.

For this gage height the rating table indicates that the discharge
should be 6.8 ft3/s.

Discharge measured = 7.5 ft3/s.

The rating table says 7.5 ft3/s is associated with a gage height
(GHRating) Of 0.95 ft .

The computed shift = +0.06 ft.

The control scoured ~0.06 ft.

GHizing=0.95ft
GH,=0.89 ft

2 USGS



Interpretation of a negative
computed shift.

The gage height (GHy) = 0.89 ft.

For this gage height the rating table indicates that the discharge should be
6.8 ft¥/s.

Discharge measured = 5.7 ft¥/s.

The rating table says 5.7 ft¥/s is associated with a gage height (GHgng) Of
0.80 ft.

The computed shift = -0.09 ft.
The control filled ~0.09 ft.

......

GH,=0.89 ft
ol GH,...,,=0.80ft
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Data Processing SHIFTs

One reason negative shifts occur is due to fill on
the control.

10000 100000
Discharge (PRIMARY) (cfs)

/

Control Condition when
Base Rating Developed




Data Processing SHIFTs

One reason negative shifts occur is due to fill on
the control.
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Data Processing SHIFTs

One reason negative shifts occur is due to fill on
the control.

Negative Shift Increaéeé ll
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Computed shift values and the rating curve.




Shift curves and the rating curve.
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Variable Shift Diagram (V-diagram).
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Shift curves, the rating, and the gage height record.
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Development of shift curves.

GAGE HEIGHT
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How does this translate to the data
on the web?

" Seamlessly

" |f a shift is added correctly, the web shows
the data with the corrected values.

" If a shift wasn’t applied the measurement will
look like it’d not in line with the data.

2 USGS



Example of either a shift applied or

no shift needed

USGS 03610000 CLARKS RIVER AT MURRAY, KY

T caben

Discharge, cubic feet per second
[
=]
H
@

ha
.
=

Apr Apr Apr Hay Hay Hay Hay Hay
12 19 26 a3 18 17 24 31
2814 2814 2814 20814 2814 2814 20814 20814

———— Provisional Data Sub_ject to Revision —--—-

Hedian daily statistic {22 years) ¥ Heasured discharge
— Discharge

Gage height,

Apr Apr Apr Hay Hay Hay Hay Hay
12 19 26 83 18 17 24 31
2814 2814 2014 2814 20814 2814 2814 20814

==== Provisional Data Subject to Revision ===-=-

— Gage height #* Heasured gage height




y

Example of either a shift applied or
no shift needed

ZUSGS
1y

a6 .8
1668.8

USGS 03610000 CLARKS RIVER AT MURRAY, KY Measurement is in-line with data

Discharge, cubic feet per second

Apr Apr Apr Hay Hay Hay Hay Hay
12 19 26 a3 18 17 24 31
2814 2814 2814 20814 2814 2814 20814 20814

———— Provisional Data Sub_ject to Revision —--—-

Hedian daily statistic {22 years) ¥ Heasured discharge
— Discharge

Gage height, feet

Apr Apr Apr Hay Hay Hay Hay Hay
12 19 26 83 18 17 24 31
2814 2814 2014 2814 20814 2814 2814 20814

==== Provisional Data Subject to Revision ===-=-

v USGS — Gage height #* Heasured gage height

\



Example of either a shift not applied
but needed

&

= USGS

USGS 03260100 ELIJAHS CREEK @ ELIJAHS CREEK RD NR HEBRON, KY
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==== Provizional Data Subject to Rewiszion =——=-

Hedian daily statistic {14 years) ¥ Heasured discharge
— Discharge

Gage height, f

Hay
18

2814

50100 ELIJAHS CREEK @ ELIJAHS CREEK RD NR HEBRON, KY
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Apr
12
2814
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19
20814

Apr
26 a3
2814 2814

==== Provisional Data Sub_ject to Revision ---—-

Hay

— Gage height
#* Heasured gage height

— Operating linit {ninimun}



Example of either a shift not applied
but needed

&
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USGS 03260100 ELIJAHS CREEK @ ELIJAHS CREEK RD NR HEBRON, KY

=
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Se

Discharge, cubic feet per

480,88
Joe.oe

286,08

=
=
=
-

=
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==== Provizional Data Subject to Rewiszion =——=-

Hedian daily statistic {14 years) ¥ Heasured discharge
— Discharge

Gage height, f

Measurement is off with data

Hay
18

Apr
12
2814

Apr
19
20814

Apr
26 a3
2814 2814

==== Provisional Data Sub_ject to Revision ---—-

Hay

— Gage height
#* Heasured gage height

— Operating linit {ninimun}



How can you determine if a shift was
added?

This station managed by the Louisville District Office.

Output format
Graph
Graph w/ stats

Available Parameters Available Period

All 9 Available Parameters for this site
00065 Gage height 2014- 2014-06-05 Graph w/o stats
00060 Discharge 2007-10-01 2014-06-05 Graph w/ (up to 3) parms
00045 Precipitation 2014-02-05 2014-06-05 Table
70969 DCP battery voltage 2014-04-29 : Tab-separated
00010 Temperature, water 2007-10-01 06-05

lved oxygen 2007-10-01 20 6-05

2007-10-01 :
ecific cond at 25C 2007-10-01

63680 Turbidity, Form Neph

|
|
|
|
|
|
|
|

Summary of all available data for this site
Instantaneous-data availability statement




How can you determine if a shift was
added?

This station managed by the Louisville District Office.

Output format
Graph
Graph w/ stats

Available Parameters Available Period

All 9 Available Parameters for this site
00065 Gage height 2014- 2014-06-05 Graph w/o stats
00060 Discharge 2007-10-01 2014-06-05 Graph w/ (up to 3) parms
00045 Precipitation 2014-02-05 2014-06-05 Table
70969 DCP battery voltage 2014-04-29 20 05 Tab-separated
00010 Temperature, water 2007-10-01 2014-06-05

lved oxygen 2007-10-01 20 6-05

2007-10-01 :
ecific cond at 25C 2007-10-01

63680 Turbidity, Form Neph 2011-06-

|
|
|
|
|
|
|
|

Summary of all available data for this site
Instantaneous-data availability statement




DESCRIPTION:

Latitude 32°04'47", Longitude 84°41'07" NADS3
Boone County, Kentucky, Hydrologic Unit 05020203
Drainage area: 4.03 square miles

Datum of gage: 759.08 feet above NGVD29.

AVAILABLE DATA:

Data Type Begin Date | End Date

Current / Historical Observations  (availability statement) 2007-10-01 | 2014-06-05
Dailv Data
Temperature, water, degrees Celsius 2001-03-07 | 2010-09-30
Discharge, cubic feet per second 1999-04-09 | 2014-06-04
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius 2001-03-07 | 2010-09-30
Dissolved oxygen, water, unfiltered, milligrams per liter 2001-03-07 | 2010-098-30
pH, water, unfiltered, field, standard units 2001-03-07 | 2010-09-30
Turbidity, water, unfiltered, monochrome near infra-red LED light, 780-900 nm, detection angle 90 +-2.5 degrees, formazin nephelometric units (FNU) | 2001-03-07 | 2003-06-17

i —

Temperature, water, degrees Celsius 2001-03-07 | 2010-098-30
Discharge, cubic feet per second 1999-04-09 | 2013-09-30
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius 2001-03-07 | 2010-09-30
Dissolved oxyaen, water, unfiltered, milligrams per liter 2001-032-07 | 2010-029-30
pH, water, unfiltered, field, standard units 2001-03-07 | 2005-08-02
Turbidity, water, unfiltered, monochrome near infra-red LED light, 780-900 nm, detection angle 90 +-2.5 degrees, formazin nephelometric units (FNU) | 2001-03-07 | 2003-06-17
Monthlv Statistics
Temperature, water, degrees Celsius 2001-03 2010-02
Discharge, cubic feet per second 1999-04 2013-09
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius 2001-03 2010-09
Dissolved oxygen, water, unfiltered, milligrams per liter 2001-03 2010-09
pH, water, unfiltered, field, standard units 2001-03 2005-08
Turbidity, water, unfiltered, monochrome near infra-red LED light, 780-900 nm, detection angle 90 +-2.5 degrees, formazin nephelometric units (FNU) | 2001-03 2003-06
Annual Statistics
Temperature, water, degrees Celsius 2001 2010
Discharge, cubic feet per second 1999 2013
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius 2001 2010
Dissolved oxygen, water, unfiltered, milligrams per liter 2001 2010
pH, water, unfiltered, field, standard units 2001 2005
Turbidity, water, unfiltered, monochrome near infra-red LED light, 780-900 nm, detection angle 90 +-2.5 degrees, formazin nephelometric units (FNU) | 2001 2003
Peak streamflow 2000-01-03 | 2011-09-26 11
Eield measurements 1999-04-08 | 2014-05-09 104

Additional Data Sources Begin Date | End Date | Count
Instantaneous-Data Archive *“offsite™™ 1999-04-09 | 2007-09-30 | 3905562

Annual Water_Data Report (pdf) “*offsite*™ 2006 2013 8




DESCRIPTION:

Latitude 32°04'47", Longitude 84°41'07" NADS3
Boone County, Kentucky, Hydrologic Unit 05020203
Drainage area: 4.03 square miles

Datum of gage: 759.08 feet above NGVD29.

AVAILABLE DATA:

Data Type Begin Date | End Date

Current / Historical Observations  (availability statement) 2007-10-01 | 2014-06-05
Dailv Data
Temperature, water, degrees Celsius 2001-03-07 | 2010-09-30
Discharge, cubic feet per second 1999-04-09 | 2014-06-04
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius 2001-03-07 | 2010-09-30
Dissolved oxygen, water, unfiltered, milligrams per liter 2001-03-07 | 2010-098-30
pH, water, unfiltered, field, standard units 2001-03-07 | 2010-09-30
Turbidity, water, unfiltered, monochrome near infra-red LED light, 780-900 nm, detection angle 90 +-2.5 degrees, formazin nephelometric units (FNU) | 2001-03-07 | 2003-06-17

i —

Temperature, water, degrees Celsius 2001-03-07 | 2010-098-30
Discharge, cubic feet per second 1999-04-09 | 2013-09-30
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius 2001-03-07 | 2010-09-30
Dissolved oxyaen, water, unfiltered, milligrams per liter 2001-032-07 | 2010-029-30
pH, water, unfiltered, field, standard units 2001-03-07 | 2005-08-02
Turbidity, water, unfiltered, monochrome near infra-red LED light, 780-900 nm, detection angle 90 +-2.5 degrees, formazin nephelometric units (FNU) | 2001-03-07 | 2003-06-17
Monthlv Statistics
Temperature, water, degrees Celsius 2001-03 2010-02
Discharge, cubic feet per second 1999-04 2013-09
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius 2001-03 2010-09
Dissolved oxygen, water, unfiltered, milligrams per liter 2001-03 2010-09
pH, water, unfiltered, field, standard units 2001-03 2005-08
Turbidity, water, unfiltered, monochrome near infra-red LED light, 780-900 nm, detection angle 90 +-2.5 degrees, formazin nephelometric units (FNU) | 2001-03 2003-06
Annual Statistics
Temperature, water, degrees Celsius 2001 2010
Discharge, cubic feet per second 1999 2013
Specific conductance, water, unfiltered, microsiemens per centimeter at 25 degrees Celsius 2001 2010
Dissolved oxygen, water, unfiltered, milligrams per liter 2001 2010
pH, water, unfiltered, field, standard units 2001 2005
Turbidity, water, unfilteged, m near infra-red LED light, 780-900 nm, detection angle 90 +-2.5 degrees, formazin nephelomeatric units (FNU) | 2001 2003
2000-01-03 ] 2011-09-26 11
1999-04-08 | 2014-05-09 104

Additional Data Sources Begin Date | End Date | Count
Instantaneous-Data Archive *“offsite™™ 1999-04-09 | 2007-09-30 | 3905562

Annual Water_Data Report (pdf) “*offsite*™ 2006 2013 8




Streamflow Measurements for the Nation
USGS 03260100 ELIJAHS CREEK @ ELIJAHS CREEK RD NR HEBRON, KY

ntucky
Code 050202
°04'47", Longitude 84°41"
Drainage area 4.03 square miles
Gage datum 750.08 feet above NGVD29

Measuring
Al

Meas. 7 Time
Number Time ¢ | Datum

&

USGS

Available data for this site

Output formats

Control




Streamflow Measurements for the Nation

USGS 03260100 ELIJAHS CREEK @ ELIJAHS CREEK RD NR HEBRON, KY

[Boone County, Kentucky

Gage datum 750.08 feet above NGVD29

Meas. 7
Number M Time ¢

Time

Measurement .
Datum * M

Used?

Output formats

Measuring
3 | Agency

uses
usas
uses
uses

Stream Gage
Measuring ., | flow Height ¢
Agency (ft’/s) (ft)

IGT/BLM
MKL

MKL

MKL
MKL/BLM
SMM/MKL
SMM/MKL
MKL/ATR
SMM/ATR
MKL/SIS
MKL/BLM
MKL

Rating .

No.

v

Shift
Adj.
(ft)

¢ % .

Diff. ~

GH
Change ¢
(ft)

Control

Meas.
Duration ¢

(hr)

~
Control




Streamflow Measurements for the Nation
USGS 03260100 ELIJAHS CREEK @ ELIJAHS CREEK RD NR HEBRON, KY

Available data for this site [

Output formats

Time asurement Measuring
N Agency

Datum Control

Stream Gage i GH Meas.

A ~

Meas. = Time Measurement s Measuring , flow Height ¢ Rating s j Change ¢ Duration < Meas. =
N

Number ~ Date Time Datum ¥ | Used? ¥ | Agency Yo (fS)s) (f) (ft) (hr) Rated Control ~

0.00
-0.04 0.00 8 MALT
0.00 0.14 0.50 SICE
-0.06 . -0.01 A FAIR LGDB
FAIR LGDB

2014-0
2014-04-16 17:41
2014-02-18 14:2(
2013-11-19 16:23
2013-11-0

FAIR MDDB

GOOD CLER
0.00 POOR CLER

FAIR CLER
0.00 POOR LGDB

2013-08-22 0¢

N

2012-10-1517:05 MKL/SIS




Questions?

“It's time we face reality, my friends. ...
We're not exactly rocket scientists.”

2 USGS



